Abstract: Thermodynamic calculations have been performed on 3-methyl-4H-pyrazole to obtain insight of its thermochemical properties like its bond energies, enthalpy of formation, entropy and heat capacities. By using different computational methods some of the properties have been studied. Heat of formation was calculated by using MOPAC and Gaussians program. All calculation has been done to study these properties at a range of temperature (298 K-1500 K).Gas phase ∆H f values found in this study are the following (in kcal/mol): for parent molecule (yccdnndc-CH 3 ) is 54.47, for yccdnndc-ch2j 91.13, for yccjdnnc-CH 3 112.84 and 89.7 for ycjcdnnc-CH 3 .
Introduction
Diazole derivatives studied from the long time for their use in propellant and explosive use 1 . They have advantage of producing N 2 as a product and reducing CO 2 and carbonic acid erosion in gun barrels [1] [2] [3] [4] [5] [6] [7] [8] [9] . Several other derivatives of diazole has their use in the pesticides and synthesis of various synthetic drug molecule.3-methyl-4H-pyrazole has been chosen for the study due to wide spread use of this kind of molecules and there is no thermochemical study done on this particular molecule 2 . In this study, we tried to explore a number of thermochemical properties of 3-methyl-4H-pyrazole.
Properties like enthalpies (∆H f ), entropies and heat capacities (Cp(T)) were determined for parent molecule (yC 3 H 6 N 2 ) and its radicals, which represent loss of one hydrogen from the parent structure from the possible site of detachment. Internal rotor analysis also carried out in order to study its potential barrier and its contribution on the heat capacities and entropy. The input matrix for SMCPS (Statistical Mechanics for Heat Capacity and Entropy) got from the frequencies data obtained from Gaussians method using B3LYP/6-31G (d,p). The Guassian view of parent and its radical gives an insight of the structures.
Experimental
The choice of method was based on the property we are looking for and the level of accuracy desired. We determined the heat of formation, entropy and heat capacity of 3-methyl-4H-
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pyrazole and its radicals. The first part of the study was to determine the heat of formation by using MOPAC7 PM3 and GaussiansB3LYP/6-31G(d,p). Initial calculations were done using MOPAC by incorporating Z-matrix in the program. Although MOPAC is not so precise method for the calculation but it helped us to make the work reactions and more importantly it provides us template to run the Gaussians program. Parent (C 4 H 6 N 2 ) radical 1
Radical 2, Radical 3
The Z-matrix has been optimized before running MOPAC and Gaussian calculations. Structural parameters for these species were optimized for structure at the B3LYP/6-31G (d,p) level of theory. The MOPAC and Gaussian methods were performed by initial geometry optimization and frequency calculations with HF theory. By studying the structure of 3-methyl-4H-pyrazole, we designed optimized Z-matrix by putting value for the bond length, bond angle, dihedral angle and the connections. The following parameters were obtained using this calculation.
Enthalpies of formation
First enthalpies of formation were calculated by using MOPAC and Gaussians calculations. Then work reactions have been designed in such a way that can provide the more accurate heat of formation. Work reactions involved reactant and product with the same bond type. This use of same kind of bond types in all the molecules involved reduced the chances of error to the great extent as reactant and product has same bonding environment. Heat of formation of all reactant and products were determined.
∆H rxn = ∑∆H products − ∑∆H reactants By using above equation, experimental ∆H rxn has been determined. Putting the literature value available and ∆H rxn , enthalpy of formation for the parent molecule has been determined ( Table 1) . Same methodology were used for calculating respective heat of formation. Work reactions were designed one for parent molecule and three for the respective radicals. 
Entropies and heat capacities
Entropies and heat capacities were determined by incorporating the geometry, symmetry, frequencies and moments of inertia of the B3LYP/6-31G(d,p) optimized structures in the statistical mechanics SMCPS program. Frequencies used in SMCPS got from the Gaussian derived frequency values.
Results and Discussion
MOPAC and Gaussian B3LYP calculation were performed to obtain the heat of formation. For MOPAC program, Z-matrix was designed. Parallel calculation were done by applying command thermo and aigout to obtain various physical and thermal properties value and obtained the input program for Guassian (Table 2) . Same Guassian B3LYP carried out for parent molecule including the radicals and all potential reactants employed in work reaction. Work reactions were designed to get the ∆H rxn by inputting values obtained from MOPAC and Guassian. Separate calculation were made for both, but using the same work reaction. Care was taken to use the reactant with same bonding environment as of the molecule undergoes study. 
Moment of inertia
Moments of inertia from Gaussian and MOPAC of parent molecule and its radical have been recorded (Table 3 ). As data from Gaussian is much accurate and reliable than MOPAC, hence Gaussian moment of inertia has been used in SMCPS calculation.
Table 3. Moment of inertia of pyrazole and its radicals
For parent molecule (yccdnndc-ch3), Radical 1 (yccdnndc-ch2j) Radical 2 (y ccjdnndc-ch3)
SMCPS analysis
Heat capacities and entropy was calculated using SMCPS method. The contribution of internal rotor in the molecule was determined by using VIBIR. By obtaining the data of internal rotor contribution final correction has been done in the heat capacities and entropy. We have done SMCPS calculations with rotor and without rotor. The results are presented in Table 4 and Figure 1 . Figure 1 . Heat capacities vs. temperature The difference between heat capacity calculated from both the method was very low, but, the difference is much higher in the entropy calculated from both method as can be seen in Figure 2 . Comparison of entropy calculated with MOPAC and SMCP. To correct the theomochemical properties for the variation in internal rotor, we added the internal rotor calculation for the individual molecules and corrected the entropy and enthalpy data (Table 5) .
Revised heat capacities, entropy of all molecules including the contribution of rotor obtained from VIBIR. As we seen above there is difference between heat capacity and entropy obtained for molecules with and without rotor using SMCPS program. 
